Introductions and/or translocation of fish in Europe may be traced back to the beginning of first century A.D., when some species of fish, mostly marine, but also freshwater, were held in piscinae by the Romans (Balon 1969). The common carp, Cyprinus carpio, seems to have been the first freshwater species transferred from its native range, first to Rome and then to other countries in Europe (Balon 1974) . With expanding Christianity, the construction of ponds became a necessity and nearly all the more important monasteries or parishes kept fish transferred from neighbouring streams. Later, the nobility also followed this custom and during the Renaissance fish farming became a widespread fashion throughout Europe. The idea of transferring fish from other continents probably also arose during Renaissance times. However, large-scale introductions of fish species into areas outside of their native range is a comparatively recent phenomenon and the majority of fish translocations date from the second half of the last century. Recently, Welcomme (1981, 1988) compiled lists of international transfers of inland fish species and provided an analysis of trends, motives, risks and evaluation of introductions, globally. In this review, I wish to describe the situation in Europe, especially in Central and Eastern Europe, which was not so thoroughly covered by Welcomme. Because of limited space, I wish to give only a general account of this subject and the more detailed analysis will be published later.
D D e e f f i i n n i i t t i i o o n n s s
Definitions used in this paper follow those by Karpevich (1975), and Shafland and Lewis (1984) . Introduced species include any species intentionally or accidentally transported and released by man into an environment outside its original area. Exotic is a species not native to a given watershed, but, in this review, I am distinguishing the true exotic and the translocated species. The latter term has an exclusively political aspect to designate a species which is exotic for a given country or for some watershed inside it, but not in Europe, while the term exotic sensu stricto, is used here only for species not native within the mainland and insular Europe. Acclimatization is a process of adaptation of an introduced species and their offspring in the new environment. The final phase of acclimatization is naturalization, when the introduced species finds a "vacant niche" in a community, which means that it adapts to food, space, spawning grounds, etc., which are not fully exploited by native species in a given water body (Nilsson 1984) . In this paper, the subcontinent of Europe is considered by its generally accepted boundaries: it is separated from Asia by the Ural Mountains, Ural River, and Caspian Sea on the east, and by the depression of the Manych River, Caucasus Mountains, Sea of Azov, the Strait of Kerch, Black Sea, Bosporus, Sea of Marmara, Dardanelles, and the Aegean Sea on the south east. The Caucasus Mountains are excluded from Europe in this definition although included by all Soviet geographers. The island of Cyprus is considered to be a European country in this paper. Turkey is not mentioned as no data exist on its fish introductions and Germany is considered as one country within its present boundaries. Because of limited space on the one hand and the enormous literature on the other, only a selected list of the most important items is introduced in the list of references. This list is predominantly restricted to the recent monographs dealing with fishes in particular European countries, special reports, compendia and also synthetic papers dealing with fish introductions in Europe. English translations of their titles are added in those cases where the paper under consideration was published in a language other than English, French, German, Spanish or Italian.
The following symbols and/or evaluation of the introduced species are used in Tables 1 and 2: A = species used in aquaculture with artificial reproduction only. If another symbol is used in conjunction with A it means that species is used and reproduced predominantly in aquaculture; D = species disappeared; E = species established in nature in more than 50% of countries; R = species rare, occurring in nature in less than 50% of countries;
* denotes family exotic for Europe.
Countries are arranged alphabetically and those which introduced particular species first in Europe are printed in italics. The year of first introduction to Europe of a species is also indicated along with the country to which it was first introduced. (Tables 1 and 2 ). A total of 134 species were recorded belonging to 34 families, of which 11 are exotic for Europe (Table 3 ). There are 74 true exotic species belonging to 21 families, while there are 60 translocated species belonging to 21 families. The most frequent introductions involved cyprinids followed by salmonids and coregonids. These three families include 63 species (30 exotic and 33 native) and share slightly more than 47% of the total number of both exotic and translocated species. As may be expected, the first introductions were transloca-tions of some native European species among various watersheds and/or countries. As already mentioned, it was the common carp that was introduced step by step southward, westward and also northward from its native river basin, the Danube. This process began very early, most probably between first and fourth century A.D. (Balon 1974) and proceeded very rapidly, as the medieval annals indicate that between the seventh and twelfth centuries mass culturing of this species existed almost throughout Europe (Brylinska et al. 1986 ). Together with carp, other species certainly were also transferred, among them the crucian carp {Carassius carassius) and another cyprinid, Leucaspius delineatus, the natural distribution of which was probably limited by the Rhine (Berg 1949). Attempted intentional introductions of other species probably dated back as for as those of carp, however, there are no data on these, possibly because the lower hardiness of these species caused their introductions to fail. Among the few exceptions to this is the medieval introductions of the northern pike (Esox lucius) to Ireland (Fitzmaurice 1984) in the thirteenth to fourteenth century as indicated by Welcomme (1988) and also several attempts to introduce the sterlet (Acipenser ruthenus) into the Baltic Sea, White Sea, and even the Barents Sea watersheds during the middle of the eighteenth century (Linnaeus 1758; Mohr 1952; Burmakin 1963; Witkowski 1989) . The first attempts to introduce true exotic fish species are not exactly known, but they are certainly older than those performed in the second half of the nineteenth century, when the modern era of introductions began. These introductions all involved North American species, the salmonids, followed by catfishes and centrarchids and also one coregonid species. The first was the brook trout (Salvelinus fontinalis) introduced to the United Kingdom in 1869, followed by the chinook salmon (Oncorhynchus tschawytscha), the rainbow trout (Oncorhyn-chus mykiss, syn. Salmo gairdneri) and the lake trout (Saveli-nus namaycush) subsequently imported by France and the Netherlands, Germany (Poland), and by Germany and Switzerland, respectively. Two easily confused American catfishes, the black bullhead (Ictalurus melas) and the brown bullhead (I. nebulosus) and six centrarchids (Ambloplites rupestris, Lepomis cyanella, L. gibbosa, L. aurita, Micropterus dolom-ieui, M. salmoides) were also introduced, mostly to Western Europe, up until the end of the nineteenth century. Since the beginning of the twentieth century, the rate of introductions has increased rapidly. There is, however, some difference between the relative rate of introductions of the native and the true exotic species. By the end of the second World War, the percentage of the native fish introductions was 66.7%, which has since decreased by half to 33.3%. In the case of the introductions of the true exotic species the trend is exactly the opposite, in that the number of species introduced since 1945 has doubled and the initial (pre 1945) rate of 31.0% has increased to 69.0%. There are records on introductions for 29 of the 33 European countries. Only Andorra, Monaco, San Marino and Vatican are not listed among countries receiving fish species from outside. This does not mean that they did not introduce fish species in the past, but rather that there are no available records for them. It may be that data for these little countries are included in references dealing with their larger neighbours, Spain, France and Italy, respectively. The frequency of introductions of particular species varies considerably. Although the most popular candidates for introductions come from families Salmonidae, Cyprinidae, Centrarchidae, Ictaluridae and Coregonidae, which were imported to and/or translocated in 28, 28, 23, 18, and 12 countries, respectively, the majority of species have only been introduced to a few countries. While there seems to be some correlation between the size of the country and the number of species introduced ( ) introduced four times as many fish species (28 versus 7). As expected, the Soviet Union also plays the role of the super power in this respect, as it introduced to, and transferred on its European territory 70 species including 40 exotic and 30 native, i.e. slightly more than half of the total number of fish species received by all other European countries.
M M o o t t i i v v e e s s f f o o r r I I n n t t r r o o d d u u c c t t i i o o n n
There are significant differences concerning the motives for the introductions between the true exotic and the native European species. In the first case, the rank of motives is as follows: aquaculture, including experimental (30.6%), accident (21.0), unknown reasons (15.5), improvement of the wild stock 3 (14.7), sport (9.1), biomanipulation 4 (7.1) and ornament (2.0). In the second group, translocated species, the primary motive for introduction was the improvement of the wild stock (37.6%), followed by unknown reasons (20.8), accident (18.4), sport (12.0), aquaculture (7.2) and ornament (4.0). The motives for introductions vary from country to country. In the USSR, for instance, most species, both exotic and native, were introduced or translocated to improve the wild stock and aquaculture is secondary, while in other countries aquaculture predominates followed then by sport. There are also considerable differences in the approach of some countries to the same species. The brown bullhead, for instance, was introduced for aquaculture by Yugoslavia, Poland and Germany, but for the improvement of the wild stock by Finland and the USSR.
E E v v a a l l u u a a t t i i o o n n o o f f I I n n t t r r o o d d u u c c t t i i o o n n s s
Almost all introductions into natural ecosystems made prior to the second World War may be considered to a certain degree as a gamble. The situation improved after the war, as greater awareness of ecology developed and introduction experiments started to be planned on a scientific basis. Here the leading role has been played by the Soviet Union, where the theory and practice of introductions and acclimatization of fish is based on ecological principles (Zenkevich 1940; Dryagin 1954; Bur-makin 1961 Bur-makin ,1963 Karpevich 1965a Karpevich , b, 1975 Rass 1965) . At the present time, almost all intentional introductions are more or less carefully planned. According to Burmakin (1963) up until 1957, 1 398 water bodies in the USSR (of which 87% were lakes, 7% reservoirs and 6% rivers) were planted with 51 species of freshwater fish belonging to 12 families. However, naturalization of both exotic and translocated species was only attained in 12% of these water bodies. Furthermore, catches of acclimated fish lagged considerably behind the effort exerted for their introductions. From the data presented by Karpevich et al. (1975) and Burmakin and Shimanovskaya (1975) , one can calculate that between the periods 1957/1963 and 1964/ 1971 the mean annual number of plantings of exotic fishes rose by 123%, the number of water bodies stocked by 164% and the quantity of fishes (including the eggs, juveniles and adults) introduced by 229%. However, the catch of introduced fishes in the same period increased only by 56% and its percentage share to the total inland fish catch (the most part of which is probably shared by fish from aquaculture) only by 61%. According to the last evaluation of Lifshits and Belousov (1979) only 3% of all introductions released in the USSR up until 1978 gave a commercial benefit.
The discrepancy between the effort and result of introduction is explained mainly by the lack of biological justification, insufficient analysis and generalization of experience obtained, by the slow development of the theory of acclimatization and by shortcomings in the actual practice and organization of the introductions (Karpevich et al. 1975; Lifshits and Belousov 1979) . There are, however, some examples of successful introductions. Three species of mullets (Mugilidae), viz. Liza aurata, L. saliens and Mugil cephalus, which were transferred from the Black Sea to the Caspian Sea in 1930, fully acclimated and naturalized there and now constitute commercially important species, not only in the USSR, but also in Iran. Attempts to introduce the peled whitefish (Coregonus peled) were also successful in lakes, impoundments and for aquaculture in the European part of the USSR, and in Czecho-Slovakia, Poland and Germany. These are, however, rather the exceptions and most attempts to establish some exotic species in nature have failed. Thus, the naturalization of the grass carp (Ctenopharyngodon idella) and the silver carp (Hypophthalmichthys molitrix) was successful only in two rivers in the European USSR, the Kuban' and the Volga (Motenkov 1966; Kazancheev 1981) , in the Terek River flowing from Caucasus Mountains (Abdusamadov 1986), and, probably also in the Tisza River in Hungary (Toth and Biro 1984), although many attempts were made to acclimatize them, especially in the USSR. The release of coregonids into reservoirs of the USSR has not been successful (Berka 1990) Of three species of sturgeons, Acipenser ruthenus, A. baeri, and A. gueldenstaedti, introduced mainly by the USSR into the Baltic Sea watershed, none became established and only the introduction of the sterlet into the Pechora (Barents Sea) and Western Dvina (White Sea) proved successful. Most attempts to introduce the rainbow trout and the brook trout into natural water bodies failed and these species established only rarely in nature. Some species are therefore maintained only, or predominantly in aquaculture facilities. This is the case for the rainbow trout, as well as all the three major Chinese herbivorous carps. These species are widely used throughout the Central and Eastern Europe in fishery farms and form some contribution to the aquaculture output of the Soviet Union, Romania, Germany, Hungary, Poland and Czecho-Slovakia. Even several tilapine cichlids have become aquaculture subjects during recent years in the Soviet Union, Czecho-Slovakia and even Belgium, where they are reared mainly in the heated power station cooling waters and sold occasionally in markets.
R R i i s s k k s s o o f f I I n n t t r r o o d d u u c c t t i i o o n n s s
In addition to the lack of apparent benefits, there are also cases of adverse or unexpected effects arising from introductions. For instance, it was observed that in both natural and man-made lakes, and in large channels stocked with grass carp the species composition of both macrophytes and phytoplank-ton changed dramatically, and the total catch of fish declined significantly (Vinogradov and Zolotova 1974; Kogan 1974; Radziej and Krzywosz 1979; Krzywosz et al. 1980 ). Long-term observations made in one Danubian locality in Slovakia also revealed changes in the physical and chemical properties of the water (Holčík et al. 1985) . The combined effect of these phenomena, initiated by the introduction of the grass carp, caused the density and biomass of fishes to decrease, in particular, those species (pike, common carp) whose reproduction invariably needs aquatic plants (Holcik et al. 1985) . The rapid increase of the German carp (Carassius auratus) population, which invaded the lower and middle Danube in the late sixties and at the beginning of the seventies, is connected with the decrease of more valuable fish species, especially the common carp (Holčík 1980) . Among the unexpected events, belongs the case of the exceptionally fast upstream invasion of the accidentally introduced Chinese cyprinid, Pseudorasbora parva. This species was discovered in one fish farm facility in Romania in 1960, but during next 24 years it was found in all the Danubian countries. Moreover, as a result of the stocking of other fish, especially the carp, it was also transferred to Germany, Albania and the USSR (Lithuania). It forms dense populations in some water bodies and it is blamed for strong food competition with other species and even for predation on their eggs and juveniles (Wohlgemuth and Sebela 1987) . Pike (Esox lucius) and zander (Stizostedion lucioperca) introduced into Ireland and England are blamed for the eradication of salmonids and for the substantial decrease of some cyprinids (Fitzmaurice 1984; Linfield 1984) . Nearly all North American centrarchids and ictalurids introduced to Europe are considered as pests and are blamed for predation on the eggs and young of native fish species. In some water bodies occupied by Lepomis gibbosa or by Ictalurus nebulosus, the native fish species were suppressed and their density decreased (Balon 1966; Adamczyk 1975; Danilkiewicz 1973) . Introduction of the peled whitefish (Cor-egonus peled) led to hybridization with the native Coregonus lavaretus to such an extent that in 70% examined lakes in Poland, and in most fishery farms in Czecho-Slovakia, only the hybrids occur. It is suspected that because of this, some strains of Coregonus lavaretus, for example C. lavaretus maraena, probably do not occur more in their homeland (Holcik et al. 1989; Whitkowski 1989) . Introduction of diseases and parasites is also a problem intimately connected with introduction of fishes. Several new species of parasites have spread into Europe as a consequence of fish transfers. The parasite fauna of Central Europe has increased, especially after the introduction of East Asian herbivorous carps, which -apart from their specific parasites -also carried several parasites which have affected the native fishes. For instance, these include the tapeworms Bothrioce-phalus acheilognathi (syn. B. gowkongensis) and Khavia sinensis which have become widely distributed in the fish farms of Hungary, Poland, Czecho-Slovakia and the USSR and are now the most significant pathogens in carp stocks (Žitňan 1974; Bauer 1975; Molnár 1984) .
C C o o n n c c l l u u s s i i o o n n s s
In conclusions, it may be stated that introductions of exotic species to Europe have brought controversial results. While there is no doubt as to the positive influence of some introduced fishes in aquaculture, the situation is much more complicated in natural water bodies. Although there is a vast amount of literature, especially in the USSR, dealing with the introduction of exotics into natural waters, there is a lack of any serious, impartial and generally valid evaluation of introduction experiments based on thorough ecological analysis. Moreover, a vast amount of data and information concerning introductions are of variable value. For instance, one is unable to judge whether any increased catch of fish in some water bodies is due to introductions or due to changes in fishing effort (Holcfk 1984) . In addition, there are indications that the success of acclimatization experiments is often exaggerated, in that the actual results do not correspond with those which are proclaimed (Holcfk 1984) , and that there are also serious shortcomings and adverse effects (Markevich 1978; Myagkov 1990) , which are usually not published. However, one fact remains certain: only few species are generally accepted as having been beneficial introductions. From native species there is a common carp, and in some countries also the zander, and one or two coregonids. From the exotic species it is the rainbow trout which received a good reputation everywhere, along with Chinese herbivorous carps. As a result of the dangers and risks caused by introductions, many European countries have introduced measures to control them. However, it is essential that unified regulations are developed, as at present they differ among countries. It is recommended, therefore, to accept the Code of Practice adopted by the European Inland Fishery Advisory Commission in 1987 as the most useful tool for the regulation and international control of fish introductions. 
